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THE EXERCISE OF CONTROL OF FLOWING WELLS 
AND OF INPUT TO GAS LIFT INSTALLATIONS 
BY MEANS OF A DIFFERENTIAL FLOW CON- 
TROL VALVE* 


By L. R. pe Vertevit ft (Associate Member) 


THE use of chokes, or beans, of either the fixed or manually adjustable 
types for controlling the flow from wells and the input to gas lift installa- 
tions, has been standard practice in oilfields ever since the need for restric- 
tion or control of flow was recognized. This simple method of flow 
restriction, coupled with the very general practice of fitting wells with 
2-inch flow strings, whether the production rate is 5 or 500 b.d., constitute 
difficulties for the production engineer and in connexion with the all- 
important gas : oil ratios of flowing wells. 

In the case of artificial lift wells, where the control of input gas rates is 
exercised by means of fixed or manually adjustable chokes, efforts to 
reduce input gas : oil ratios are often frustrated by defects inherent in such 
a method of control. 

The cause of inefficient production may therefore be due to one or the 
other of the above causes, or a combination of both. 

The purpose of this paper is to show that the intelligent use of a differen. 
tial flow controller, such as described in Appendix I, will help to reduce, 
or eliminate, the idiosyneracies arising from the use of fixed, or manually 
adjustable, chokes at the surface of oil well installations. 


Flowing Wells 


The use of a fixed choke at any point in the tubing flow-string of a well 
provides a simple means of restricting flow. It does, in fact, serve as a 
means of volumetric flow control, provided that the fluid remains reasonably 
homogeneous throughout. It has been observed !:3 that, if the ratio of 
the GOR at the tubinghead (in cu. ft/brl) to the tubinghead pressure (in 
p-s.i.a.), or R;/P;, has a value between 0-45 and 1-85, the flow mixture 
of gas and oil is for all practical purposes regular, so that effective volu- 
metric rate control can be usually exercised by means of a fixed choke in 
the flow stream. For a flow criterion, Rp/P; < 0-45, an example showing 
nature of flow is given in Chart I. 

If, however, R,/P, be greater than 1-85, the flow ceases to take the form 
of an unstable foam and becomes a “‘ heading ”’ flow, characterized by the 
delivery of alternate gas and oil slugs, or pistons. This “ heading ’’ phase 
persists in varying degree over a very wide range of conditions. Example, 
showing transition from heading to steady flow at a flow criterion of 


* MS. received 1 October 1952. Paper read to Trinidad Branch of The Institute of 
Petroleum on 20 May 1952. 
+ Apex (Trinidad) Oilfields Ltd. 
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R,/Py < 1-85 is given in Chart I]. Well was flowing through a surface 
choke, 345 inch dia. 

A second example is also given of a similar transition as shown on 
Charts Ifa, [1a (2), and Ifa (3). Well was producing through an 35-inch 
dia choke. 

Throughout the wide range of flow by heads the fixed choke cannot 
exercise a constant volumetric control, because during each cycle the flow 
stream passing through the choke is alternately changing from gas to 
liquid. For critical flow conditions, which usually pertain, the ratio of 
the gas: oil velocity, through a fixed choke, is given approximately by 
equating :— 


86-5V S/(G[P, — Ps]) . . . Equation (1), Appendix II. 


where = tubinghead pressure, p.s.i.a. 
separator pressure, p.s.i.a. 


If, for example, the mean tubinghead pressure be 65 p.s.i.a. and the 
separator pressure be 15 p.s.i.a., the flow condition for gas heads is critical, 
and the mean gas : oil velocity ratio is : 


86-5V 0-9 /(O-64 & 50) = 14-6, 


Thus, the gas slug can escape through the surface fixed choke at a velocity 
approximately 14-6 times that of the oil. Abundant evidence is available 
to demonstrate that, under heading conditions, the fixed choke fails to 
provide effective volumetric flow controi, and furthermore, that it con- 
tributes very largely to the violent degree of heading by effecting alternate 
rapid acceleration and deceleration of the flow column. If, also, the 
effect of deceleration during delivery of an oil head is sufficient to limit 
the gas flow rate at the entrance to the flow string to that of the slippage 
velocity, flow may thereby be arrested. 

Heading is a phenomenon of some complexity, depending to a large 
extent upon, inter alia, flow rates, gas: oil ratio, depth and diameter of 
tubing, well-head pressure, expansion ratio, and control. Tapering of 
flow strings and improvement in flow control provide the readiest means 
of limiting heading and its effects by minimizing variations in tubinghead 
pressure and in the dynamic weight ef the flow columns. 

Exercise of efficient surface control alone cannot thus eliminate that 
heading inherent in a system, but it can eliminate that degree of heading 
arising mainly from the use of fixed chokes, and it can assist greatly in 
minimizing heading, the degree of which is amplified by the use of fixed 
chokes, 

If a downstream-type flow controller is substituted for a surface choke, 
the relationship between gas and oil velocities in the tubing can be 
expressed approximately :— 


. . Equation (2), Appendix I. 


when S_ = sp. gr. of the oil, 
= sp. gr. of the gas, 
Py — downstream or separator pressure, p.s.i.a., 
P;, = tubinghead pressure, p.s.i.a. 
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Advantage can be taken of this expressed relationship by maintaining a 
uniform metering pressure to maintain uniform gas and oil velocities, 
and to reduce substantially the difference between gas and oil velocity in 
the tubing. 


7 


PERFORMANCE CURVE OF CONTROLLER ON THE BASIS OF THE CHOKE UNDER 
SIMILAR CIRCUMSTANCES 


Controller 109-5V SPy/GP 
Choke 86-5V S/G(Pr — Py) 
for values of Py/Pr < 0-6. 


1-262V(Py/Pr) — (Py/Pr) 


Thus, for the example employed above, the velocity ratio is :— 


L09-5V0-9 X 15/064 4225 109-5 00707 = 7-7/1. 


This velocity ratio of 7-7 : 1 compares with that of 14-6: 1 for a fixed choke 
in the same circumstances. 

Referring to Fig 1, it will be seen that the ratio for the example taken 
falls at a point on the curve where the gas : oil velocity ratio for the con- 
troller is approximately 0-5 of that of the choke, when Py/P, is equal 
to 0-23. 

It will therefore be seen that, when using a flow controller, an enhance- 
ment of the benefits to be obtained thereby is secured when Py/P, is of the 
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order of 0-1 or less. It is clearly an improvement to substitute a differential 
flow controller for a fixed choke in severely heading wells at low tubinghead 
pressures, in spite of the unsuitability of the flow string to the conditions. 

At Apex (Trinidad) Oilfields Ltd. important improvements in economy 
and in energy conservation attended the employment of controllers in 
place of fixed chokes at wells as detailed below : 


(a) After natural flow had ceased and could not be re-established 
on chokes, natural flow was sustained for some months. 

(b) Heading flow, occasioned and sustained by use of chokes, was 
converted to uniform flow. 

(c) In the case of intermittent flow at low frequency with dormant 
intervals due to low gas: oil ratio, the duration of flowing periods 
was greatly extended and production increased appreciably. 


In all cases, a reduction in operating gas: oil ratio was secured. ‘This 
reduction is considered to be twofold, depending upon reservoir conditions. 
Due to the method of control, if higher rate of production is attained, this 
increment may be accompanied by a disproportionate increase in gas. 
Secondly, and more important, is the fact that the reduction in the 
amplitude of bottom-hole pressure variation decreases the tendency for 
“fingering ” of mobile extraneous gas into the sphere of influence of the 
well, 

The results of tests carried out on wells of three types are shown in the 
précis in Appendix III. 


Control of Gas Input to Gas Lift Wells 

One of the main causes of excessive gas energy consumption of gas lift 
wells is the somewhat rough control afforded by the almost universal use 
of fixed, or manually adjustable, chokes for regulating input rates. The 
input rate must therefore be set sufficienty high to compensate for 
variations in pressure in the supply system and /or variations in well input 
pressure. 

Four provisions are essential to secure and maintain the highest degree 
of efficiency of individual wells, both on straight gas lift and plunger lift :— 


(1) The control must be unaffected by pressure variations within 
the gas supply system. 

(2) The input gas rate must be controllable at the minimum require- 
ment for operation of the well under the prescribed conditions, which 
in turn demands that provision (3) be complied with. 

(3) If, for any reason, such as temporary drop or stoppage of supply, 
the input pressure to the well increases, the controlled supply rate on 
resumption must automatically increase, so as to ensure re-establish- 
ment of equilibrium, otherwise the well would “load up” and cease 
production, unless manual readjustment is effected in time to prevent 
this happening. 

(4) If the operation in the well is characterized by heading, slugging, 
or other intermittent form of flow, gas injection rate should—for 
efficient operation—vary in sympathy with the input pressure on the 
downstream side of the control. 
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Choke Control on Inpui to Well 


The rate of gas flow through a manually adjustable or orifice-type choke 
at any one setting depends upon the upstream and downstream pressures, 
being a function of the upstream pressure itself and of a factor depending 
upon the ratio of the downstresm to the upstream pressure. 

Combining tne factors, the rate is proportional * to 


V P* + 0-2222 PP, — 1-2222 P? 


where P upstream pressure, p.s.i.a. 
P, — downstream pressure, p.s.i.a. 


A reduction in input rate is usually accompanied by an increase of the 
downstream pressure, depending upon the productivity index of the well, 
etc. Random examples will serve to indicate the degree of control afforded 
in practice by a choke for critical conditions : 


Supply pressure Well pressure 
pply Max rate 
Ratio of 
Max p.s.i.a. Min p.s.i.a. Max p.8.i.a. Min p.s.i.a. 
265 215 SO 7h 1-27 
415 365 215 210 1-21 


The degree of control exercised by the choke in respect of provisions 
(1) and (2) is thus obviously very insensitive in practice, even for con- 
ditions most suited to such a form of control, i.e., when the pressure drop 
across the choke is excessively high. Other simple examples, but for 
“ non-critical ” conditions, will serve to stress this point : 


Supply pressure Well pressure 
P Max rate 
Ratio of 
i Min rate 
Max p.s.i.a. Min p.s.i.a. Max p.s.i.a. Min p.s.i.a. 
265 215 165 160 1-52 
415 365 300 295 140 


The above evaluations serve to show that the nearer the well-operating 
pressure approaches to the minimum mean supply pressure, the greater 
the latitude required in control of input rate to sustain operation. The 
failure of the choke to qualify in respect of provisions (1) and (2) is thus 
clearly demonstrated. 

In respect of provisions (3) and (4), the control exercised by the choke 
at any one setting is, of course, exactly contrary to the demands, as can 
be demonstrated simply by application of the same formula given 
above. 

In consequence, it is impossible by this means to sustain input rates 
even remotely approaching the minimum rate demanded by the prescribed 
conditions, in order that continuous maintenance of operation can be 
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assured. Input.rates must, of necessity, range from 25 per cent to several 
hundred per cent in excess of the requirements, which would apply if the 
four above-mentioned provisions were complied with. 


Downstream Type Differential Controller 


An appreciation of requirements in control to fulfil all four provisions 
clearly indicates that the form of control demanded is essentially that 
provided by a differential controller of the necessary sensitivity, operating 
relative to the downstream, or well input, pressure. The flow rate is thus 
proportional to V HP,, where H — differential, which is a constant at 
any one setting, and where P, = the downstream, or well input 
pressure. 

On this basis all four provisions are satisfied. 


Supply Pressure 
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FLOW AND PRESSURE DIAGRAM FOR SLUGGING WELL 


Fig 2 shows the comparison of the flow rate through a choke and through 
a flow controller on the input to a cycling gas lift well, when supply pressure 
varies. 

Sample Charts V demonstrate the sympathetic variation in input flow 
rate exercised by flow controller when the well input pressure varies. 

Charts V (1) demonstrate that the flow control exercised by choke in the 
same circumstances is antipathetic to the variations in well input pressure, 
and therefore directly contrary to the requirements of efficient input 
control. 

Charts Va (1) and Va (2) demonstrate that for a uniform well input 
pressure the input rate as governed by choke varies in sympathy with the 
supply pressure, whereas when the input is controlled by a flow controller 
the input rate is independent of variations in supply pressure. 

The pressure of the supply system was 200 to 250 p.s.i. It should be 
appreciated, therefore, that in almost all cases the conditions were par- 
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ticularly suited to minimizing the contrast between control by chokes 
and control by flow controllers. In spite of this, the advantage secured 
by the use of controllers is made abundantly clear by the results of the 
tests, which show a reduction of over 50 per cent in high pressure gas 
supply. 

Furthermore, the use of controllers would permit of still more efficient 
operation, where input pressures approximating to minimum supply 


Control of Input to Gas Lift Wells ; Summary of Tests 


- Manually-adjustable or fixed | Differential controller 
Tubing orifice-type choke | downstream type 


Produc- 
tion 
method 


Casing- 
heac 
pressure, 


Casing- 
Input 
*roduc- head 
Produ | ft/ 


| tion, b.d. | pressure, day 


| Input, 
| cu. ft/ 
day 


Produc- 
| tion, b.d. 


| 


Size, Depth, 
inches | ft 


1609 St. lift | 179,000 ‘ 3f 92,000 
| Hp. lift 3 90,000 33 | 48,000 
St. lift | 155,000 | 70,000. | 
H.p. lift ‘ 78,000 g 5 37,000 | 
| 115,000 { 25,000 | 
St. lift | 5 172,000 5 f 90,000 
130,000 | 35-8! 61,000 
135,000 | | 87,000 
380,000 78,000 
102,000 5 | 28 96,000 


” 


” 


” 
1,536,000 684,000 


Note: 19+ 4 = 19 b.d. vil, 4 b.d. free water. 


pressure are permissible, whereas operation under such conditions with 
choke control would be relatively still more wasteful and/or subject to 
frequent interruptions and failures. 


ACKNOWLEDGMENTS 


The author expresses his appreciation to the Directors and Management 
of Apex (Trinidad) Oilfields Ltd. for permission to present this paper, 
and to Mr H. Gilmour for advice and technica! assistance in the development 
of this work. 


References 


' May, C.J. Trans. Amer. Inst. min. (metall.) Engrs, 1935, 114, 99. 
2 Gilmour, H. J. Inst. Petrol., 1949, 35, 574. 
% Unpublished manuscripts of H. Gilmour on this and allied subjects. 


: 
‘ 
ta 
3 
No.of | 
| 
| ps 
| 1b + | 35 + 5 
| 24 40 ; 
2 
24 741 
2h 15 
6 2 354 6 
7 2 18 a 
9 2 19 
WW 2 187 
4444+ 12 
| 
a 
= 
a 


826 DE VERTEUIL: THE EXERCISE OF CONTROL OF FLOWING 


APPENDIX I 
DESCRIPTION OF CONTROLLER 
The “ ATOL” differential flow controller, is made up of four main parts: the 
body; the adjusteble choke or valve and seat; the metering device; and the adjusting 


key. 
There are two types of “ ATOL ” flow controllers : the ‘‘ upstream type ”’ and the 


“downstream type.’ (See Figs 3 and 4.) 


ATOL DOWNSTREAM FLOW CONTROLLER 


INDICATING TRAVELLER 


~ 


Fia 4 
ATOL UPSTREAM FLOW CONTROLLER 


The body is constructed of cast steel and is made in two pressure ranges, 600 p.s.i. 
w.p. and 1500 p.s.i. w.p., with 2-inch inlet and outlet pipe connexions. 

The metering device consists of an orifice holder, suspended by a flexible diaphragm 
held at its periphery between two flanges of the valve body and opposed on the down- 
stream side by a spring. 

The adjustable choke, or valve and seat, are of the conical type, with hard facing 


to resist abrasion. 
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Adjustment is afforded by a key fitted over the valve stem and extending through 
a gland to the outside of the body, thus enabling the valve to be moved axially in 
relation to the seat in the case of the downstream controller while in operation. 

In the upstream controller, the seat is fixed in a hollow ported spindle, which 
extends through a gland to tne outside of the body, thus enabling the seat to be 
moved axially in relation to the valve. 

in the case of the ** upstream type,” the fluid passes first through the metering 
device and then-through the automatically adjustable choke, thus making its control 
virtually independent of downstream pressure variations, when passing compressible 
fluids. On entering the body, the fluid passes first through the orifice in the metering 
device. This puts up a differential pressure across the diaphragm, thus causing 
compression of the opposing spring and forcing the valve, which, in turn, is integrally 
connected to the metering device by a stirrup and spindle, towards the valve seat to 
a point of equilibrium, and automatically maintaining it, thereby securing a constant 
differential. 

The position of the valve seat can be adjusted externally to give a pre-determined 
differential across the metering device, either before the unit is put into operation, or 
while it is in operation, 

In the case of the ‘ downstream type,” the fluid passes first through the variable 
choke and then through the metering device, thus making its control virtually in- 
dependent of upstream pressure variations when passing compressible fluids. Other- 
wise the operation is the same as for the “ upstream type,” except that adjustment to 
the differential setting is afforded by moving the valve relative to the seat. 


APPENDIX II 
Vevociry Ratios FoR GAs AND Liquips THroucH A Fixep OR 
MANUALLY-ADJUSTABLE CHOKE 
Velocity of Gas = 1050/\ @ f.p.s., Ps < 0-57P 7 

where G@ — sp. gr. of the gas (air = 1). 
Velocity of liquid (neglecting differences in vena contracta, ete.) 


V 2gh f.p.s. 


where g — gravitational acceleration 32:2 f.p.s.* 
h— Py — Ps/0-434S, ft — head of liquid across choke. 
Pr upstream pressure, p.s.1.a. 
Ps — downstream pressure, p.8.i.a. 


S sp. gr. of liquid (water 2 
Gas : oil velocity ratio (1050/\ G)/(\V 64-4, Ps|/O-4348) 
1050/12-18(V S/G( Pp — Px) 
86-5(V S/G(Pp — Ps) Equation (1). 
Velocity control for gas and liquids, when flow is controlled by a downstream-type 
differential flow controller, is exercised by virtue of a fixed differential at separator 
pressure. 
Neglecting changes in temperature and differences in vena contracta cross-section, 
the relationship between gas velocity and oil velocity through the metering orifice 
is given by : 
V 2gh (gas) /2gh (oil) at Py 
V62:3 14-78/0-07638GP yy 
V 1200S y 

Gas ; oil velocity ratio LODSV S/GPy 


where G = sp. gr. of the gas. 
. S — sp. gr. of the oil. 
Py metering or separator pressure absolute. 


The above relationship between gas and oil velocities in the vena contracta of the 
measurement orifice provides a basis for determination of the relationship between 
the gas and oil velocities at the tubinghead. 
Gas : oil velocity ratio LODSV S/GPy Py/P, at tubinghead pressure. 
SPy/GP 7? Equation (2). 
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APPENDIX III 


Precis or Resurrs or Tests, EMPLOYING A DOWNSTREAM-TYPE DIFFERENTIAL 
FLow ConTROLLER IN oF FIXED-sizE CHOKES AT TUBINGHEADS OF 
FLOWING WELLS 


The purpose of this précis is to retord briefly the consequences resulting from 
replacing fixed chokes on the tubingheads of wells,, which flow by heads, with an 
automatically variable choke in the form of a differential-type flow controller. 


Test No. \ 


Natural flow through a fixed choke had ceased prior to the conversion. 
Graphical representation of the change in flow characteristics offers the simplest 
means of demonstrating the immediate results obtained in certain circumstances, 


Av FRODUOTION RATS (3 DAYS) - 30 B.D. Av PRODUCTION RATE (3 DAYS) - 74 B.D. 
GOR 1750 ou. Pt/ori GR 1190 ow ft/orl 


CHP GAS FLOW RATE 


1 


= 
te 
2 


Fia 5 
Test NO 1. THP ann CHP BEFORE AND AFTER INSTALLATION OF 
FLOW CONTROLLER 


when a flow controller is employed in place of a fixed choke. The results, so obtained 
are presented in graphical form in Fig 5. The following data for this particular 
well are relevant to an appreciation of the results recorded ; 


Diameter of flow tubing = 2 inches 
Depth of flow tubing 3060 ft 
Diameter of surface choke #3 inch 
Diameter of casing 6 inches 


By reference to the diagram it may be readily ascertained that ‘* heading ’’ was 
for all practical purposes eliminated by the conversion to flow-control and that in 
consequence the efficiency of lift was very substantially improved, as indicated by :— 


(a) the reduction in casinghead pressure ; 
(b) the reduction in GOR. 


As a result of such improvements the flowing life of a well in such circumstances 
may be prolonged very appreciably, while still under control throughout. In this 
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case cumulative flowing production was extended by 21 per cent after flow had 
ceased on a fixed choke. 


Teast No. 2 


The deductions arrived at in Test No. 1 were confirmed in Test No. 2, for which 
the resulte of the exercise of the two basic types of well control for appreciable time 
periods are presented statistically in tabular form below. In this case the heading 
was due entirely to the use of a fixed surface choke. 


Well Data 


Diameter of flow tubing 2 inches 
Depth of flow tubing 3832 ft 
Diameter of surface choke #5 inch 
Diameter of casing 6 inches 


Nature of control 


Data Tubinghead open 
Controller 
fixed choke 


Duration of test, days . 

Casinghead pressure, p.s.i.g. . 

Tubinghead pressure, p.s.i.g. 

Rate of oil production, b.d. 

Rate of water production, b.d. 

Rate of liquid production, b.d. ‘ 

Gas ; oil ratio, cu, ft/brl 4900 3400 

Gas : liquid ratio, cu. ft/brl. 3200-2800 2200 
(average 3000) 

Nature of flow. 4 heads daily ‘niform 


It will be readily noted that, as in the previous case, the nature of flow, characterized 
by “ heading “ in the case of a fixed surface choke, was entirely changed to uniform 
flow, when the flow controller was put in service. See Fig 6 and Charts IIL and III (2). 

The results support the conclusions drawn in Test No. 1, that flow efficiency is 
substantially increased by elimination of ‘* heading "’ and that flowing life relative to 
cumulative production is in consequence increased thereby. At a later stage in the 
flowing life of the well, the rate of production was 11 brl of oil and 24 brl of water, 
employing a flow-controller. The gas: liquid ratio was 1890 cu. ft/brl and the 
gas : oil ratio was 2300 cu. ft/brl, so that the improvement in GOR following conversion 
to flow control was not only maintained, but enhanced. 


Test No. 3 


A third test is included to demonstrate the effects of conversion from fixed to auto- 
matic control at the surface in the case, when it is beyond the influence of the controller 
to eliminate the “heading,” arising from subsurface conditions. The well was 
selected because the heading flow in this case, in addition to its very low frequency, 
was also characterized by prolonged intervals of no-flow during each cycle, as a direct 
consequence of the relatively very low producing gas: oil ratio (680 cu. ft/brl on 
controller). 

The results of the test are tabulated below : 


Well Data 


Diameter of flow tubing = 2 and 14 inches 
Depth of fiow tubing 14 inch— 3021-3464 ft 
Diameter of casing 9 inches 

Depth of casing 3240 ft 

Diameter of liner 4} inches 

Depth of liner = 3118-4770 ft 
Separator pressure = 20 p.s.Lg. 
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THE EXERCISE OF CONTROL OF FLOWING WELLS 


Nature of control 


Fixed choke Controller 
Data 


Stopeock- Tubinghead 
ing ~; inch | open, = Ist Test 2nd Test 
choke inch choke 

Duration of test, days 16 33 
Casinghead pressure, p.s.i.g. . 5-545 680. 505 680-495 
Tubinghead pressure, p.s.i.g. 2 445-— 20 440— 20 
Rate of oil production, brl/day . 13-6 -{ 22:1 31-6 
Nature of flow ; ‘ Heading Heading Heading Heading 
Average periodicity, hours/cycle 40-3 42-1 41-9 
Average duration of flowhead, hr 3-3 6-1 79 


20 


It is recorded above that the frequency of the ‘ heading’ was practically un- 
affected by the conversion, There was a marked prolongation of the flowing period 
in each cycle, however, and in consequence the production rate and flow efficiency 
were improved substantially. See Fig 7 and Charts IV and IV (2). 

It is evident that the flowing life relative to curnulative production may be prolonged 
substantially in consequence. 
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Gas flow 
chart 


Tubinghead and 
casinghead pressure 
chart 


CuHarr I 
FLOW CRITERION LESS 
THAN O45 


Production rate 
GOR . 
Tubinghead pressure 


Criterion. (290-110)/565 = 180,565 


$33 


6 
ining 
9 
RRR 
290 eu. ft/brl 
565 p.s.ia. 
32 


Gas flow 
chart 


Tubinghead and 
casinghead pressure 
chart 


Cuarr II 


TRANSITION FROM HEADING 
FLOW TO STEADY FLOW 
(SLIGHTLY WATERED 
WELL) 


Transient foam flow data : 


Production rate. . 61 bd. 

GOR . . 585 ecu. ft/brl. 

Tubinghead pressure — . . 285 p.s.i.a. 

Criterion. . (585-60) 285 = 525/285 = 1-85 
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Gas flow 
chart 


é 
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Tubinghead (inner 
line) and casinghead 
pressure chart 


Cuarr Ila 


TRANSITION FROM HEADING 
FLOW TO STEADY FLOW 


Foam flow data : 
Production rate . 267 b.d. 
GOR 1140 eu. ft) br 
Tubinghead pressure . 285 p.s.i.a. 
Criterion (1140-140) 535 1000 535 
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Gas flow 
chart 
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Tubinghead and casing- 
head pressure chart 


Cuarr Ifa (2) 
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Gas flow 
chart 


Flow 


Inner line shows 

differential for 

reduced orifice 
plate 


Tubinghead and casing- 
head pressure chart 
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Casinghead, p.s.t.g. 
Tubinghead, p.s.i.g. 
Oil production, b.d. 


Water production, b.d. 


Total liquid, b.d. 
GOK 
Gas : liquid ratio 
Nature of flow 


APPENDIX III 
Test No. 1. SAMPLE 
CHarts at RaNpom, 

ON CHOKE 


Cuart 


TRANSITION FROM HEADING 


Choke 
340- 15 
19 
4900 
3000 
4 heads daily 


FLOW AND CHOKE CONTROL 
TO UNIFORM FLOW AND 
FLOW CONTROLLER 


Controller 

450 

63 

24 

10 

34 

3400 

Uniform 


j 
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RANDOM 
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APPENDIX III 


Test No. 2. TUBINGHEAD AND CASINGHEAD PRESSURE CHarRT. ON CHOKE 


The steady line 
shows casinghead 
pressure 


Cuartr IV 
INTERMITTENT FLOWING WELL WITH DORMANT PERIODS——CHART SHOWING EXTENSION 
OF FLOWING PERIOD ON EACH CYCLE (DURATION OF CYCLE UNCHANGED) 


Choke Controller 
Casinghead, p.s.i.g. 685-595 680-495 
Tubinghead, p.s.i.g.. ‘ 480- 20 
Oil production, ‘ 14 
Periodicity, hr/eyele . ‘ 40-3 
Duration of flow heads, hr . 3:3 
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APPENDIX IIL 


Test No, 2. TuBINGHEAD AND CASINGHEAD PRESSURE CHARTS ON CONTROLLER 


In each chart the 
steady line shows 
casinghead pressure 
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Gas flow 
chart 


The light 
grey line 
is for 
differential 


Casinghead 
pressure chart 


Cuart V 
FLOW CONTROL TO 
GAS LIFTS 


Condition— variable supply pressure, variable well pressure 
Input gas control by flow controller 
842 
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Casinghead pressure 
chart 


Cuart VA (1) 


INPUT GAS-——-FLOW CONTROL 
TO GAS LIFTS 


Condition : 


Variable supply pressure, uniform well pressure 
(1) Choke control (2) Flow controller 
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CONVERSION OF KINEMATIC VISCOSITY (CENTISTOKES) 
TO REDWOOD No, I SECONDS 


THe conversion table given in Appendix B to “ Standard Methods for 
Testing Petroleum and its Products,” for converting kinematic viscosity 
(centistokes) to Redwood No. [ seconds has been amended by the Viscosity 
Panel of IP Sub-committee No. 6 on Lubricants, consequent upon the 
adoption on | July 1953 of 1-0038 cs at 20° C (68° F) as the standard value 
for the kinematic viscosity of water.’ Prior to that date, the agreed value 
was 1-0068 es, so that a reduction of approximately 0-3 per cent is neces- 
sary on kinematic viscosity measurements determined by the former 
method, IP 71/527. The new value for the kinematic viscosity of water 
has been adopted in IP 71/58T. Since the values for Redwood seconds 
obtained by IP 70 may be in error by | per cent, the Viscosity Panel has 
questioned the significance of amending the old table by an amount con- 
siderably less than the experimental error. For sake of convenience to 
those who use the conversion table, however, the Panel has prepared the 
new table by multiplying the equivalent Redwood No. L seconds given to 
the first decimal place in the original table (page 566, 8th Edition, 
“Standard Methods for Testing Petroleum and Its Products,” 1947) by 
1-0032 and rounding off to the nearest integer. 

The Panel has also considered the provision of a simple temperature 
factor so that the equivalent Redwood seconds at a temperature other than 
70°F, 140° F, or 200° F may be obtained. Unfortunately the equation 
reproducing the figures for 70° F and 200° F with reasonable accuracy is a 
quadratic, namely 

R, = Ryg fl 1-95 10°4(¢ 140) +- 1-12 10 140)?! 
where R, is Redwood seconds at temperature ¢ and Ry that at 140° FP, 
so that no simple calculation is available. 


Coe, Jr., and T. B. Godfrey. °° Absolute Viscosity of Water 
Res. Wash., 1952, 48, 1-31. 


1 J. Swindells, 
at 20°C,” Bur. Stand. J. 
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CONVERSION OF KINEMATIC VISCOSITY 847 
Kine- Equivalent Redwood Kine Kquivalent Redwood 
matic No. I viscosity, sec matie No. I Viscosity, see 
viscosity, Viscosity, 
cs 140 F 200 F cs vil 140 F 200 

4 35 36 36 uw 204 205 200 
37 37 38 20S 209 213 
38 30 52 212 215 217 
DD 34 40 10 53 216 218 222 
6-0 41 41 42 4 220 222 226 
65 42 43 43 DD 224 230 
7 43 44 44 56 228 234 
75 45 45 46 57 232 238 
sO 46 46 47 5S 236 242 
8-5 48 4s 48 59 240 247 
WO 49 49 m0) 60 244 251 
| 61 248 255 
10 52 52 53 62 252 259 
11 55 55 56 63 256 263 
12 8 58 59 64 60 268 
13 61 62 62 65 264 Tia 
14 65 65 65 66 269 276 
15 68 6S 69 67 273 P80 
16 71 72 72 68 277 284 
17 75 75 76 69 281 288 
Is 78 79 sO 70 285 293 
19 82 82 83 71 289 297 
20 85 87 72 293 301 
21 so oO 91 73 207 305 
22 93 94 95 74 301 309 
23 96 97 oY 75 305 313 
24 100 101 103 76 309 318 
25 104 105 106 77 313 322 
26 108 110 78 317 $26 
27 112 113 114 7 321 330 
28 116 117 118 sO 325 334 
29 120 121 122 SI 329 339 
30 123 125 126 82 333 343 
31 127 129 131 83 $37 347 
32 131 133 135 S4 341 351 
33 135 137 139 ao 345 355 
34 130 141 143 86 349 359 
30 143 145 147 87 353 364 
36 147 149 151 SS 357 368 
37 153 155 362 372 
38 155 157 159 oO 366 376 
30 161 163 370 380 
40 164 165 167 92 374 385 
41 168 169 171 93 378 380 
42 172 173 176 4 382 303 
43 176 177 Iso $97 
44 Is] 96 300 Ol 
45 Is4 97 406 
46 ISS ISO 192 98 308 410 
47 192 193 196 ht) 102 414 
48 196 197 201 100 406 418 

49 200 201 205 - 
Viscosities, over 100 es, multiply by ; 2 4-06 110 4-18 
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A NOTE ON THE MODIFIED GRAY-KING ASSAY 
OF OIL SHALE * 


By Geo, E. Mapstone + 


THE modified Gray—King assay of oil shale as used at Glen Davis provided 
for cooling the oil receiver with dry ice for the recovery of the lower-boiling 
naphtha, which was otherwise lost,' but no quantitative figures of this loss 
were available. Also, the low-temperature assay of coal by the Gray—King 
method * does not provide for cooling the tar receiver, while the high- 
temperature carbonization procedure requires cooling by means of an ice 
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PERCENT 
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72 150 


1oo 
SHALE ASSAY USING ORY ICE COCOLING 
I 
INFLUENCE OF COOLING BATH TEMPERATURE ON ASSAY LOSS 


bath. The work reported here was therefore carried out to obtain some 
quantitative data on the effect of the cooling bath temperature. 

A series of assays was carried out on various quality oil shales, using 
both the dry-ice and ice baths, and also a water bath at 22° C, as this was 
the mean summer tap-water temperature. The results of these tests are 
given in Table I. 

The general trend of the results showed an increase of naphtha loss with 
yield, which was appreciably higher with the warmer receiver bath tem- 
perature, and the results themselves were, within the range of experimental 
error, a simple power function of the assay. 

The relationships given tentatively in Fig 1 are suitable for predicting 

* MS received 22 January 1952. 
t C.S.1.R.O, Coal Research Section, Chatswood, N.S.W. 
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850) A NOTE ON THE MODIFIED GRAY-KING ASSAY OF OIL SHALE 


the loss of oil, either by weight or by volume, which will be experienced by 
using the ice or water bath. Within the same limits of accuracy, they 
may also be used to determine the correction that should be added to the 
observed yield at higher condenser temperature to give the yield with 
dry-ice coolir 
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Kenyon provide a complete therm 
al insulation service to the oil 
industry, including technical ad 
vice on thermal insulation 
specifications, and finishes for all 
conditions. Supply of materials, 
T application, supervision, on sites 
HERE Is throughout the world 
The photograph shows view of 
furnaces on Pyrolysis Unit, Shell 


Chemical Plant, Stantow, 
E Cheshire, England. 


HEAT INSULATION 


A Shell Photograph 


Planned HEAT 


WILLIAM KENYON & SONS. LIMITED 


DUKINFIELD Telephone: ASHTON 1614/7 (4 Lines) CHESHIRE 
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INDIAN OU REFINERIES 


AT 


EXPANDING INDUSTRY 


High Quality Brass & Copper 


Tubes promptly supplied by 
John Wilkes, Sons 
& Mapplebeck Limited 


During the rapid growth of Britain’s 
oil refining industry, John Wilkes, Sons 
& Mapplebeck have kept pace with an 
increasing demand for brass and copper 
tubes for all purposes— maintaining the 
reputation for high quality which they 


have enjoyed for more than a century, 


JOHN WILKES, SONS & MAPPLEBECK 
LIMITED BIRMINGHAM 18 
we 
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NOW, MORE EFFICIENT THAN EVER 
The BAKER Model ‘“‘K”’ Cement Retainer 


For Greater Safety 
and Successful 
Results in..... 


RE-CEMENTING - SQUEEZE 
CEMENTING - CEMENTING 
BEHIND SECTIONS OF 
PIPE - TESTING UPPER 
CASED FORMATIONS - RE- 
DUCING GAS OIL RATIOS 
CEMENTING BAD PIPE 
PLUGGING OFF BOTTOM 
FLUIDS - CEMENTING OFF 
TO PERFORATE FOR PRO- 
DUCTION - CEMENTING 
LOW-PRESSURE ZONES 


For complete details refer to the 
BAKER (or Composite) CATALOGUE, 
or write direct to 


BAKER OIL TOOLS, INC. 
Box 2274 Terminal Annex, Los Angeles 54, 
California, U.S.A. 


equipped with a 


BAKER 
JUNK PUSHER 


which pushes junk or debris 
down the hole ahead of the 
Retainer, and greatly mini- 
mizes the hazard of premature 
tripping of the Retainer by 
the fouling of the slips. 


TWO EFFICIENT 
TYPES AVAILABLE 


Baker Model *‘K’’ Cement Retainers 
are available made of Magnesium 
Alloy, which are readily drilled up 
by using drill pipe, tubing or cable 
tools, since all large parts are made 
of magnesium, except the nitricast- 
iron slips which are easily broken up. 
Magnesium Retainers have ample 
strength to withstand any pressure 
which can be imposed safely upon 
the casingorliner. Although Baker 
MAGNESIUM ALLOY Cement Re- 
tainers are satisfactory for temporary 
bridge plugs, they may be affected 
by well fluids, and CAST IRON 
Retainers are recommended for 
permanent bridge plug installations. 


OPERATION OF THE 
BAKER JUNK PUSHER 


The Baker Junk Pusher (Product No. 
403) has an outside diameter slightly 
smaller than the inside diameter of 
the casing in which the retainer is 
run. All debris tends to collect in 
the Junk Pusher. Slots permit pas- 
sage of displaced fluid, but prevent 
passage of junk or debris which 
might foul the slips and result in 
premature tripping of the Retainer. 
The internal Screen, held in place by 
friction, prevents debris from enter- 
ing the body of the Retainer, and is 
blown out at the proper time by 
the Tripping Ball Seat. 


‘ 
{ 
| i 
j 4 
} 
} | 
| 
mi 
ime 
i | 
4 
it | 
iH 
ili 


ROCKBITS, DRILL COLLARS, 
“SUBSTITUTES, DRAG BITS, 
SWABS.. SLUSH PUMP SPARES 


$ 


JET NOZZLES 
AVAILABLE OVER 
THE FULL 
10 TYPE RANGE 


ENGLISH DRILLING EQUIPME LTD. 

BILBAO HOUSE, 36-38 NEW BROAD STREET, LONDON, E.C.2. 
Telephone: LONdon Wall 4941—4 Subsidiary Telegrams: Bullwheel, Ave., 
BDECO PROSPECTORS, LTD.  Barlby Works, Fixby, Nr. Huddersfield, Yorks, Tel.: Elland 28767 
BECO CANADA. LTD. 10103-80th Avenue, Edmonton, Alberts, ‘Tel. Edmonton 35825 
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MATTHEW HAiL 


GROUP OF COMPANIES 


ESTD. 1848 


MATTHEW HALL 


OIL REFINERY, CHEMICAL AND INDUSTRIAL ENGINEERS 
ERECTION OF PLANT AND MACHINERY 
WELDED OIL PIPE LINES 
AIR CONDITIONING AND REFRIGERATION 
FLAMEPROOF ELECTRICAL INSTALLATIONS 


THE MATTHEW HALL GROUP OF COMPANIES | 


MATTHEW HALL CO. LTO. MATT LTO 


CO (METALS) LTO 


ito 


LONCON 
biascow 


JOMANMESBURG 
GEamisTon 
DURBAN 
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Specialists in the Manufacture of 
Laboratory Apparatus for Testing Petroleum Products 


LP. Viscometers 


I.P. Bromine Number 
Apparatus 


I.P. Flash and Fire Point 
Apparatus 


A full range of apparatus to I.P. specifications 


BAIRD & TATLOCK (0.00. LTD. 


Scientific Instrument Makers 


FRESHWATER ROAD, CHADWELL HEATH, ESSEX. 
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I.P. Centrifuge 

BT 
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Millennium—Key 


Cast Steel 
Fittings 


FOR STRENGTH 
& 
PRESSURE TIGHTNESS 


AO 


or" 


Two-hole Terminal Fitting 
with Flanged Side Outlet. 


These four bulletins give full 
technical informaticn on each 


type of fitting we can supply. ; . 
Please write for them. \ > 


& 


FOR OIL REFINERY & CHEMICAL PLANTS 
KEY | 
ye 
ENGLAND 
vii 


CONTINUOUS WASHING 


Holley Mott Plants are 
efficiently and continuously 
washing millions of gallons 
of Petroleum products daily 
Designed for any capacity 
my May we submit schemes to 


suit your needs? 


MOLLEY 


Continuous Counter-Current Plant 
Telegrams: 


“Typhagitor, Fen, London.” World-Wide Licensees, H.M. CONTINUOUS PLANT Lt 
Telephone: Royal 7371/2, LLOYDS AVENUE, LONDON, E.C.3. 


Vertically Split Casing Single- Horizontally Split Casing Multi- 
Stage Hot Oil Pumps. Stage Pumps for Hot Oil. 
The above are some only of the Designs included. 


Established 1875 Advertisement No. 3316 


[Dulsometer Engineering 
fine Elms lronworks, Reading. 


ENGLAND 
Vili 


4 

> 

: PUMPS FOR THE OIL INDUSTRY 
“HV” 

3 


“\ 4 0” 


FOR HEAT EXCHANGE EQUIPMENT 


Also makers of 


Solid Drawn Tubes in Admiralty Mixture Brass, 70 30 Brass, 
“Yorcoron”’, Yorcunic’’ and Cupro-Nickel, Copper, Yorcalnic”’ 
‘aluminium. bronze) and Tin Bronzes. 


Yorkshire’ Bi-metallic/ Duplex) Tubes in combinations of steel and 
non-ferrous alloys, e.g. steel lined or shirted with ‘‘ Yorcalbro”’, 
and in combinations of non-ferrous alloys. 


“Yorkshire ’’ Small Bore Copper Tubes for Instruments. 


Yorkshire’’ Tubes and Yorkshire”’ Fittings for Pipelines. 


THE YORKSHIRE COPPER WORKS LTD 
LEEDS & BARRHEAD 


Flameproof 


equipment 


(BUXTON CERTIFIED) 


4-way S.P. & N. 
Flameproof 
switch fuse 
distribution 


Flameproof prismatic 

lighting fitting, the a7 ‘‘1'' type 
DORMAN ‘‘DIOPRISM”’ isolating 
100 watt — conforms switch 

to requirements of the iy f 

Ministry of Mines. 


DORMAN & SMITH LTD. Kail MANCHESTER 5 
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wets 


| 


— the rate of corrosion of a metal measured in Inches 
Penetration Per Year—reaches a new low level in Corronel B, latest 


addition to the Wiggin range of corrosion-resisting alloys. 
This nickel-molybdenum-iron alloy is of especial interest because 


of its exceptional resistance to attack by hydrochloric acid 

at any strength and temperature—including boiling. It has already 
been tested and proved in service and is now available in 

this country in wrought form. A publication giving, in detail, the 


properties of Corronel B* ts available free on request. 


Re HENRY WIGGIN & COMPANY LIMITED 
WAGGIN STREET 


* BIRMINGHAM 16 


36/cr/tom 
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A small section 

of Lincoln SAE. 300 Motor 
Generators at work on large 
vessels and columns at 

the Anglo-Iranian O1l 

Company's new Kent Refinery 

on the Isle of Grain, Kent. Lincoln 
welders and electrodes are playing 
an important part in this 

major development 


of arc-welding equipment and electrodes 


LINCOLN ELECTRIC CO LTD - WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 
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Efficiency plus good looks 


Nearness and ethciency often go together — certainly 
they do in the Buttertield Road Tank shown above. It has 
ample capacity, (3,600 gallons), beautifully clean lines, (thanks 
to the ‘stepped’ tank), and excellent manoeuvrability. Every- 
thing enclosed, but instantly accessible. And because it 1s 
Butterticld-built, it 's carefuliy fabricated to the smallest detail, 
and will give long, satisfactory service. It pays to buy 


Butterfield Road Tanks! 


UTTERFIELD 
Road tanks 


W.P. BUTTERFIELD LTD., SHIPLEY, YORKSHIRE, LONDON: AFRICA HOUSE, KINGSWAY,W.C.2 
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TYLORS’ 
“VISUFLO” 
METER 


combines positive 
volumetric measure 
and totalizing with 
rate of flow indi- 


cation. Special 


materials for differ- 
ent types of liquids. 


TYLORS OF LONDON LTD 
(Established 1777) 


BELLE ISLE YORK WAY LONDON, N.7 
Telegrams : Tylosis, Phone, London Telephone: North 1625 


SPECIALISTS IN ALL LIQUID METERING PROBLEMS 


ROS 


RELIEF VALVES 


FOR OIL REFINERY SERVICE 
FOR AcL PRESSURES UP TO 2,700 LBS. 
TEMPERATURES UP TO 1,000° F. 


MASONEILAN 
AUTOMATIC 
CONTROLS 

FOR LEVEL, PRESSURE, ETC. 


CROSBY VALVE & ENGINEERING 
co. LTD. 


251, EALING ROAD, WEMBLEY 
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| ‘ IN THE OIL WORLD 
THEY SAY ... 


“That’s good, it’s an M-V Motor” 


Oil wells and refineries throughout the world rely on 
M-V electrical equipment. ‘Metrovick’ experience of 
motors and their proper application covers all drives 
in the oil industry, from drilling to refining. Site 
engineers well know how M-V electrical equip- 


ment brings their complex plant into active life. 


260 h.p. Type FS Motor. 


METROPOLITAN-VICKERS ELECTRICAL CO. LID., TRAFFORD PARK, MANCHESTER, 17. 


Member of the A.E.1. group of companies 


Motors for all Industrial Drives 


Represented in 
VENEZUELA, TRINIDAD AND SAUDI ARABIA—Saudi Electric IRAQ—Dwyer & Co. (Iraq) Ltd., Air- 
CURACAO—Neal and Massy Supply Company, Mecca, P.O. Box lines House, King Faisal Ave., Baghdad. 
2 Engineering Co. Ltd., Port-of-Spain, No. 94 
Trinidad, ARGENTINA—M.V.E. Export Co. INDIA—Associated Electrical Indus- 
Led, Avenida Pre. R. Saenz Pena 636, tries (India) Crown House, 6 


tRAN—Kooros Brothers, Teheran. Buenos Aires. Mission Row, Calcutta |. 
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WHESSOE 


‘Build all types of EXCHANGERS 


plow design (25° type dine 
shell, 225 


with stainless steel tubes and ‘Coltut” steet shell and 


tubes, 590 p.s.i.g. 4 


Whessoe Limited are licensed 

by the Lummus Company to 

build heat exchangers to 
their designs and ratings 


WHESSOE 
LIMITED 


DARLINGTON - ENGLAND 
London Office: 25 Victoria Street, $.W.1 
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Column Reboiler—single-pass design (32° od) ‘Heat Exchanger — 2-pass floating head 
ef contraction. Test pressures: shell ond LA) Test pressures: sholl, 500 
: 
Wa 
—Hot Spot return tube type—with 
@urface area of 500 square feet. 
|| 


THE 


COMPREHENSIVE 
SERVICE 


A CRAIG & COMPANY 


CALEDONIA ENGINEERING WORKS 
Office : 727 Salisbury House, London Wall,E.C.2 Tel: -MONarch 4756 
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INSTALL 
KLINGER 
GAGES 


H D KLINGER LIMITED 
T 


WORKS stocue KENT TEL FOOTS CRAY 3022 
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all bright allsizes” 


Our works are organized 

¢ and fully equipped to pro- — 
duce Bolts ofall sizes from j” 

to 3’’. Larger sizescan be made 

to customers’ specific re- 
quirements when necessary. 
Promptdeliveries for large or 
small orders. Let us quote 

for your requirements. 

We also manufacture High Tensile 

Bolts of all types in 35 to 85 Tons 
Tensile Range. 


T W MARTIN WINN LTD DARLASTON STAFFS. = 
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Many years of develop- 
ment and manufacturing 
experience enable Foxboro to offer the Model 40 
Controller to satisfy the needs of the varied pro- 
cesses encountered in the Oil and Petroleum Industry 
where Automatic Control is the key to improved 
performance and increased quality of product. Com- 
plete details about the “* Model 40” available from 


FOXBORO-YOXALL LIMITED 


MORDEN ROAD, MERTON, LONDON, 


$.W.19 
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**Newallastic’’ bolts and studs have qualities which 
are absolutely unique. They have been tested by 
every known device, and have been proved to 
be stronger and more resistant to fatigue than 
bolts or studs made by the usual method. 


POSSILPARK GLASGOW 
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For Economical Drilling to 7,500 ft. 


“OILWELL’ No. 66 RIG 


In this one rig, operators have a choice of either standard mechanical 
or torque-convertor drives, for two or three engines operating one 
or two pumps. Either type is compact, fully unitized, light in weight 
and easily transportable and is equipped with air controls and built- 
in Hydromatic Brake. Six forward and one reverse drum speeds, 
with three forward and one reverse rotary speeds, are provided. 


—COMPANION EQUIPMENT 


No. 250 Crown Block, 66-in. Travelling Block, No. $4-100 Swivel, 
No. 17-1 /2-C or 17-1/2-D Rotaries and No. 212-P or No, 214-P Slush 
Pumps. These balanced components, engineered to work together, 
can be relied upon to give outstanding performance. 


OIL WELL SUPPLY COMPANY LTD. 
5 Queen Street, London, E.C.4 
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